Propolis is a resin gathered by honey bees from trees and shrubs but it used in the beehive as building material or as an antibiotic paste. The aim of this study was to determine the content of flavonoids and phenols, as well as the antioxidant capacity of propolis from various regions of Guanajuato, Mexico. The content of flavonoids and phenols was determined by the aluminum nitrate method and the Folin-Ciocalteu method. The antioxidant capacity was determined using the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH•) method and the ferric reduction of Fe3+ to Fe2+ (FRAP•) assay. The flavonoid content varied from 13 to 379 mg of quercetin equivalents (QE) per g of propolis and the phenolic content ranged from 68 to 500 mg of caffeic acid equivalents (CAE) per g of propolis. The trolox equivalent antioxidant capacity (TEAC) per g of propolis varied from 39.8 to 54.4 for the DPPH• method and from 50 to 2000 for the FRAP• assay. Propolis rich in flavonoids and phenols possesses a low antioxidant capacity. The results show that propolis from different areas of Guanajuato are rich in flavonoids and phenolics compounds while their antioxidant capacity is variable.
Introduction
Propolis are produced by honey bees from resins gathered from trees, shrubs, and other plants. Bees use this substance as a building material to cover up cracks in the beehive, to regulating the humidity and temperature their nest, also use them as antibiotic pastes (Simone-Finstrom & Spivak, 2010) . For this reason, the chemical composition of propolis varies depending on its origin. More than 240 propolis-containing substances have been identified (Lustosa et al., 2008; Huang et al., 2014) , many of them with anti-carcinogenic, anti-inflammatory, antimicrobial and antioxidant properties (Kouidhi et al., 2010; Valente et al., 2011; Frozza et al., 2013) .
Free radical activity, chemical factors and physical are responsible for cell aging, this physiological process causes pathological conditions such as cardiovascular disease, cancer, diabetes, arthritis, Parkinson's, and Alzheimer's disease, among others (Bennett, 1999; Vera-Ramirez et al., 2011; Maxwell & Lip, 1997) . Antioxidant agents can serve as defensive factors against free radicals in the human body (Wojtunik-Kulesza et al., 2016) . Enzymes as superoxide dismutase, catalase, and glutathione peroxidase comprise the main defense system against oxidation (Lei et al., 2007) . Of the production of free radicals exceeds the response capacity of the enzyme system in the human body, the second line to defense is constituted by vitamins. For example, vitamin C and E can scavenge free radicals and inactivate them by oxidation (McCay, 1985) . Finally, if both defense mechanisms are overcome, major damages at the cellular level are generated.
Flavonoids and phenolic compounds are important components of propolis, both substances have proven their ability to remove (or deactivate) free radicals, on top of being able to protect lipids and vitamin C from being destroyed in the oxidative process (Attia et al., 2012; Frozza et al., 2013) . By this characteristic, propolis has gained popularity among consumers, nowadays it is added to drinks, foods, cosmetics, and even to chewing gum or toothpaste (Valente et al., 2011; Silva et al., 2013) . Ots broad spectrum, its biological properties and multiple applications have given rise to interest in investigating their characteristic according their origin. A lot of studies indicate that flavonoids and phenols in propolis can be able to scavenge free radicals in the human body (Padmavathi et al., 2006; Wu et al., 2011; Vongsak et al., 2015) .
There are colorimetric methods used to determine the content of phenols and flavonoids at propolis. These methods are used to estimate the content of active compounds in propolis Flavonoids, phenolic content, and antioxidant activity of propolis from various areas of Guanajuato, Mexico quantitatively in many countries. Furthermore, the same principle is used to determine their antioxidant capacity. Therefore, the aim of this investigation was to determine the amount of flavonoids, phenols and antioxidant activity of propolis from various regions of Guanajuato, Mexico.
Materials and methods

Materials
Whatman® filter papers number 541, 0.40 µ, (Buckinghamshire, United Kingdom), Acrodisc® syringe filter, PALL, (Arbor, USA), 2,2-diphenyl-1-picrylhydrazyl, D9132 Sigma-Aldrich (Toluca, Mexico), Perkin Elmer spectrophotometer, Lambda XLS, (United Kingdom), trolox, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Sima-Aldrich, (Toluca, Mexico), quercetin Sigma-Aldrich, (Toluca, Mexico), Folin-Ciocalteu 2M, Sigma-Aldrich (Toluca, Mexico), TPZ, 2,4,6-Tris(2-pyridyl)-s-triazine Sigma-Aldrich (Toluca, Mexico), butylhydroxytoluene (BHT), Sigma-Aldrich, (Toluca, Mexico), iron(OOO) chloride hexahydrate, FeCL 3 .6H 2 D, Meyer, (Mexico City, Mexico).
Origin of propolis
The propolis samples were collected from honey-bee colonies located in 11 municipalities of beekeeping areas of the state of Guanajuato during the months of June, July, and August 2015 (Figure 1 ). The minimum distance between the apiaries used for the collection were 5 km, the samples were stored frozen (-20 °C) until they were used (~30 days).
Propolis extract preparation
Propolis (1 g) was placed in 25 mL of 80% ethanol and constantly stirred for 48 h at 20 °C, protected from light. The mixture was stored at -20 °C for 24 h and subsequently filtered twiceI: first at 0.40 µm and then at 0.22 µm. Dnce filtered, the ethanol extracts of propolis (EEP) were concentrated in a rotary evaporator under reduced pressure at 40 °C, and the dry propolis residues were dissolved at the same concentration before their used.
Flavonoid content (the aluminum nitrate method)
EEP (50 µl) were placed in tubes containing 950 µL of 80% of ethanol, and 500 µl of this solution was mixed with 100 µL of 10% AlCl 3 , 100 µL 1 M of CH 3 CD 2 K and 4 mL of CH 3 CH 2 DH (80%). The resulting mixture was allowed to rest for 40 min at 20 °C. After that, the absorbance at 415 nm was measured. Each sample of propolis was measured five times, the flavonoid content was expressed in mg of quercetin equivalents (QE) per g of propolis. The standard curve was generated using a concentration of 1 mg quercetin (r 2 =0.9973).
Phenolic content (the Folin-Ciocalteu method)
EEP (10 µL) were dissolved in 0.5 mL of 2M Folin-Ciocalteu (5 mL in 45 mL of H 2 D), then 2 mL of 1% (p/v) Na 2 CD 3 aqueous solution were added. The resulting mixture was allowed to rest for 2 h at 20 °C, protected from light. After that, the absorbance at 765 nm was measured, each sample of propolis was measured five times, the phenolic content was expressed in mg of caffeic acid equivalents (CAE) per g of propolis. The standard curve was generated using a concentration of 500 µg per mL of caffeic acid (r 2 =0.9974).
Antioxidant capacity (the DPPH• method)
DPPH• solution (7.5 mg/100 mL) was prepared in 80% CH 3 CH 2 DH with constant stirring for 10 min. EEP (10 µL) were added to 1990 µL of the DPPH· solution; the sample was homogenized with vortex stirring, and the resulting mixture was allowed to rest for 30 min at 20 °C, protected from light. After that, the absorbance at 517 nm was measured, each sample of propolis was measured five times, the anti-radical activity was expressed as trolox equivalent antioxidant capacity (TEAC) per g of propolis. The standard curve was generated using a concentration of 25 µg per mL of trolox (r 2 =0.9953).
Antioxidant capacity (the FRAP• method)
Three solutions were prepared; solution 1, 300 µM pH 3.8 acetate buffer, was prepared by diluting 3.120 g of C 2 H 3 NaD 2 and 16 mL of CH 3 CDDH in 1 L of distilled H 2 D. For solution 2, 0.031 g of TPTZ was dissolved in 10 mL of HCl, 1.46 mL of HCl (36.46 mol) was added to 1 L of distilled H 2 D. Solution 3 was prepared by dissolving 0.054 g of FeCL 3 .6H 2 D in 10 mL of distilled H 2 D. The sample was prepared by mixing solution 1 (8,200 µL) with solution 2 (885 µL), solution 3 (855 µL), and 30 µL of EEP in succession. The resulting mixture was allowed to rest for 10 min at 20 °C, protected from light. Consequently, the absorbance at 593 nm was measured, each sample of propolis was measured five times. The standard curve was generated using a concentration of 3 mg per mL of trolox (r 2 =0.9975).
Statistical analysis
The data obtained was analyzed by means of a t-test and a one-way ANDVA in SAS (Statistical Analysis System) software. The multiple comparisons of means were performed via a Tukey test. Probability values smaller than 0.05 were accepted as statistically significant. Table 1 shows the total content of flavonoids in propolis, the amount of flavonoids ranged between 13 and 379 mg per g of propolis. The highest content of flavonoids was found in El Acebuche (21) , and León (25) (P ≤ 0.05), followed by Los Galvanes (29) and El Copal (14) . The least amount of flavonoids was found in Valle de Santiago (6) , Monte Valerio (8) , El Acebuche (19) and Las Maravillas (20) (P ≤ 0.05); the others samples had average values.
Results and discussion
Flavonoid content
Some studies report from 8 to 188 mg of flavonoids per g of propolis in China, Ondia, Macedonia, and Oran (Ahn et al., 2007; Laskar et al., 2010; Lagouri et al., 2013) . Kumazawa et al. (2004) and Laskar et al. (2010) reported maximum values of 200 mg of flavonoids per g of propolis in USA, Brazil, Thailand, and New Zealand. The variation of flavonoid content found in propolis of state of Guanajuato was 40% higher compared with others (379 vs. 200 mg per g of propolis). The quantity of flavonoids found in propolis can be attributed to the vegetation where honey bees gather propolis (Ahn et al., 2007) . These results show a high content of flavonoids in propolis collected in the state of Guanajuato. Table 1 shows the total content of phenols in propolis, the amount of these compounds varied from 68 to 500 mg per g of propolis. The highest content of phenolic compounds was found in propolis collected from El Acebuche (21) and El Copal (14) (P ≤ 0.05), followed by Cerro Blanco (9) and León (25) . The lowest concentrations of these compounds were found in samples from the Valle de Santiago (6) , Mesa de San Agustín (7) , Monte Valerio (8) and Jaral de Berrio (26) (P ≤ 0.05); the other samples had average values. Ahn et al. (2007) , Moreira et al. (2008) and Lagouri et al. (2013) reported levels of phenols from 42.9 to 329.0 mg per g of propolis in China, Macedonia, and Portugal. Similarly, Kumazawa et al. (2004) and Lagouri et al. (2013) reported maximum values of phenolic compounds in propolis from Argentina, Australia, Brazil, Bulgaria and Chile with 298 mg of phenolic compounds per g of propolis. On Ondia, quantities lower than 160 mg of phenols per g of propolis were reported. On the case of Guanajuato, the variation in phenolic compounds found were 35% higher that the amounts reported in countries outside of Mexico (Ahn et al., 2007; Moreira et al., 2008; Laskar et al., 2010; Lagouri et al., 2013) . Figure 2 shows the antioxidant capacity of the propolis determined by the DPPH• method. The propolis were presented an antioxidant range from 39 to 54 of TEAC per g of propolis. Propolis collected from Jaral de Berrio (26) and San Osidro Calera (30) showed an antioxidant capacity similar to BHT (54, 53 vs. 56 TEAC per g of propolis); these values were significantly higher (P ≤ 0.05) than the average (47 TEAC per g of propolis). Propolis with lowest antioxidant capacity were those from El Terrero (22) (39 TEAC per g of propolis, P ≤ 0.05). Analyzing these data in a holistic manner, a negative correlation (P ≤ 0.05) was found between flavonoids (-0.478), phenols (-0.413) and the decrease in DPPH• values. Therefore, more flavonoids and phenolics compounds in propolis can be increased their antioxidant power determined with this method. DPPH• is a stable, purple colored radical which changes to pale yellow when it captures free radicals (Kumazawa et al., 2004) . The antioxidant effect of propolis was reported in trolox equivalent antioxidant capacity (TEAC) per g of propolis. Trolox is an analog of vitamin E, a standardized measure of its activity Means indexed with a different letter in the same column are statistically different (P ≤ 0.05). Measurements were performed five times; means and standard deviations are indicated. Hegazi et al. (2000) mention that the effect is due to galangin, benzyl caffeate, and pinocembrin.
Phenolic content
Antioxidant capacity (the DPPH• method)
The antioxidant properties of propolis are related to the diversity of the geographical areas, the plants in the area, the time of year, the type of bees, and only some of them have an excellent antioxidant quality (Huang et al., 2014; Miguel et al., 2014) . Clearly, Guanajuato propolis contains different bioactive compounds or greater amounts of these compared to those reported in different locations and countries. The different concentrations of bioactive compounds in propolis might be influenced by the vegetation in the sampling areas. Figure 3 shows the antioxidant capacity of the propolis determined by the FRAP• method. The range of the antioxidant capacity obtained was from 32.0 to 1983.9 TEAC per g of propolis (from 1.3 to 79%). Propolis samples collected from La Regadera (27) had the highest antioxidant capacity of all (1983 of TEAC per g of propolis, P ≤ 0.05), followed by samples from Los Galvanes (29) , La Regadera (28) , and Adjuntas del Rio (13) (1832, 1817 and 1729 TEAC, respectively). Propolis from El Barrial (17) , Dolores Hidalgo (4) , Santa Rita (16) , Valle de Santiago (6) , and Jaral de Berrio (26) presented an intermediate antioxidant capacity (1538, 1244, 1161, 1157 and 1130 TEAC per g of propolis). Propolis samples with the lowest antioxidant capacity were those from León (25) , Maravillas (20) , Capellanía de Loeria (24) , El Terrero (22) , San Cristóbal de las Casas (18) and Monte Valerio (8) , (P ≤ 0.05) (31, 37, 111, 258, 242 and 133 , TEAC per g of propolis, is trolox equivalent antioxidant capacity. All propolis showed an antioxidant capacity greater than 39 TEAC; 17 samples exceeded 47 TEAC, and samples 26 and 30 exceeded 53 TEAC with an effect similar to that of BHT used as a reference with 57 TEAC.
Antioxidant capacity (the FRAP• method)
On the experiment, the propolis with the greater antioxidant capacity were not the ones that contained the highest amounts of flavonoids and phenols (Table 1) . On various studies, the propolis were evaluated under the DPPH• method. A correlation between the amount of flavonoids and phenols compounds with their antioxidant capacity (Ahn et al., 2007; Lagouri et al., 2013) was reported, in this study the same effect was observed. The propolis samples with most flavonoids and phenols show the highest antioxidant effect. The amount of flavonoids and phenols reflect the antioxidant activity of propolis in our study. Being naturally occurring compounds, oxidation tests should be carried out in order to determine their antioxidant capacity and the effect of the type and amount of active compounds present in propolis (Sulaiman et al., 2011) .
The biological activity of propolis is related to the amount of flavonoids and phenols, responsible for its antioxidant capacity (Hegazi et al., 2000) . The extracts of flavonoids and phenols, obtained and quantified under the procedures described here, were determinant enough to correlate the contents of both bioactive compounds and the antioxidant capacity directly. Therefore, it is necessary to identify and quantify these compounds in further investigations by applying more specific techniques. Kumazawa et al. (2004 Kumazawa et al. ( , 2010 reported that the antioxidant power of propolis is due to the content of caffeic acid and kaempferol. P ≤ 0.05). Analyzing the data in a holistic manner, a positive correlation (P ≤ 0.05) was found between flavonoids (0.222), phenols (0.238), and their antioxidant capacity.
The reducing power of a component can serve as an indicator of its antioxidant capacity. The presence of an antioxidant in propolis causes the reduction of complex ferrocyanide (Fe 3 +) to its ferrous form (Fe 2 +) to a longitude of 593 nm. When the concentration of antioxidants in propolis increases, the absorbance increases (Moreira et al., 2008) . The results indicate that some propolis (Adjuntas del Rio (13) , La Regadera (27) , La Regadera (28) and Los Galvanes (29) ) showed activity higher than 1700 TEAC per g of propolis, higher that of BHT, which only obtained 958 TEAC. Propolis with the lowest reducing capacity were from Monte Valerio (8) , Maravillas (20) , Capellanía de Loeria (24) and León (25) .
On this method, the amount of phenols and flavonoids in propolis does not reflect their antioxidant capacity (Sulaiman et al., 2011) . Therefore, additional tests are to be performed in order to determine their effects. Propolis with highest antioxidant capacity has been linked to kaempferol and phenethyl (Kumazawa et al., 2010; Lagouri et al., 2013) . On the present experiment, the antioxidant capacity of propolis determined by the FRAP• assay was standardized with trolox equivalents as a point of reference. On other studies, however, results are reported as OC 50 , a measurement unit referring to the prepared solution; this can complicate the comparison of results between different experiments (Lagouri et al., 2013) . On this investigation, the OC 50 value for BHT was 38.3%, the range for propolis with the highest reducing capacity was 69.2 to 79.4 (the average of 73.6%) while the OC 50 value for propolis with the lowest reducing capacity was 3.6%.
Conclusions
Propolis from the state of Guanajuato contain a high contain in flavonoids from 13 to 379 mg and phenols from 68 to 500 mg per g of propolis with a lot of variation depending on its origin. The antioxidant capacity of propolis varies depending on the evaluation technique used. Guanajuato propolis can be a good source of antioxidants for food supplements. However, it is essential to identify the main active compounds individually by means of strict quantification techniques and to determine their biological activity.
